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DOWNTIME MODEL DEVELOPMENT FOR CONSTRUCTION EQUIPMENT 
MANAGEMENT 
 
ABSTRACT 
Downtime (DT) caused by non-availability of equipment and equipment breakdown has nontrivial impact 
on the performance of construction projects. Previous research has often addressed this fact, but it has 
rarely explained the causes and consequences of DT—especially in the context of developing countries. 
This paper presents a DT model to address this issue. Using this model, the generic factors and processes 
related to DT are identified, and the impact of DT is quantified. By applying the model framework to nine 
road projects in Nepal, the impact of DT is explored in terms of its duration and cost. The research 
findings highlight how various factors and processes interact with each other to create DT, and mitigate or 
exacerbate its impact on project performance. It is suggested that construction companies need to adopt 
proactive equipment management and maintenance programs to minimize the impact of DT. 
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INTRODUCTION 
Equipment is an important factor in construction, particularly in the heavy and highways segments of the 
construction industry (Day & Benjamin, 1991). There is little doubt that increased efficiency of 
mechanized road construction methods would reduce construction costs and raise productivity. Many 
factors affect the productivity of construction equipment, however. Some factors are easily identifiable 
prior to construction, while others are unanticipated and affect equipment productivity negatively. 
Downtime (DT) caused by non-availability of equipment and equipment breakdown is among the most 
common unanticipated factors that have a non-trivial impact on the equipment productivity and project 
and organizational performance (Hanna & Heale, 1994; Elazouni & Basha, 1996; Schaufelberger, 1999; 
Edwards et al., 1998).  
Despite its significance, few construction companies pay attention to the impact of DT and take 
managerial action to reduce it. To address this issue, previous researchers have made significant efforts to 
minimize DT by providing theoretical frameworks and models. Vorster & Sears (1987) suggested the 
concept of Failure Cost Profiles (FCP). Vorster & De La Garza (1990) further refined the FCP concept by 
developing a cost model designed to quantify the intangible (consequential) costs associated with Lack of 
Availability and DT (LAD). Tsimberdonis & Murphee Jr. (1994) developed Operational Failure Costs 
(OFCs) profiles and charts to be used as decision support tools. More recently, Edwards et al. (2002) have 
developed a model to predict the hourly cost of DT for tracked hydraulic excavators operating in the UK 
opencast mining industry. All of these researchers have contributed to establishing theoretical bases for 
DT and quantifying DT costs.  
Notwithstanding, there has been a little attention to the less-tangible costs of DT (Edwards et al., 
1998). Previous research has not provided sufficient details related to the causes and consequences of DT. 
It is known that DT can have a number of consequences that vary according to the nature of the project, 
activity and equipment. To date, there has been limited research undertaken in Nepal that has attempted to 
explore the impact of DT on projects. In particular, the previous DT models cannot be applied adequately 
to equipment management in developing countries where the contractors face a number of problems 
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related to equipment management, such as a lack of expertise and generally poor cost accounting 
practices. These equipment management-related factors, coupled with the working environment, result in 
expensive repair and DT costs (Kirmani, 1988). A more comprehensive framework is needed to address 
these issues in the context of a developing economy, such as Nepal’s.  
In this paper, we identify the generic factors related to DT, and its dynamic consequences, using 
causal loop diagrams. In addition, the need for managerial efforts to minimize the impact of DT is 
highlighted, demonstrating how various factors and processes interact with each other to create DT and 
mitigate or exacerbate its impact on the performance of a project. The framework is presented to assess 
the impact of DT. Data collected from nine road projects in Nepal over a two-month period illustrate the 
impact of DT on schedule and cost. We analyze the results and discuss the implications of the research.  
 
IMPACT OF DOWNTIME  
In this section, we analyze the impact of DT qualitatively, with an emphasis on construction dynamics 
caused by DT. Previous research has reported that factors related to plant and equipment breakdown, 
particularly from a management perspective, must be considered in assessing the impact of DT (Edwards 
et al., 1998). Therefore, first we identify the generic factors and processes related to DT (see Fig. 1), some 
of which are incorporated into causal loop diagrams. Then, using the diagrams, we analyze the dynamic 
consequences of DT that may unfold during construction operation. 
 
Downtime Factor Analysis 
Site-related factors 
As shown in Fig. 1, examples of site-related factors include poor working conditions, uncertainties during 
equipment operation, and location of the site. The first two factors may affect the performance of 
equipment. For example, difficult and rugged terrain may cause equipment to deteriorate rapidly, thereby 
causing sudden failure. Proactive action on the part of a contractor can have significant effects in dealing 
with such factors. Contractors may not aware, however, of the site conditions they may encounter, either 
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because of a lack of data or proper site investigation. Meanwhile, the uncertainty of operation — 
operating in different environmental conditions — causes a greater risk of equipment breakdown (Arditi 
et al., 1997; Edwards et al., 1998). The location of the site, for instance, may limit the type and size of 
equipment that can be transported to the site (Day & Benjamin, 1991). Moreover, the remoteness of a 
construction site may affect the repair time of equipment by affecting communication and the prompt 
procurement of parts.  
 
Equipment-related factors 
Factors that are related to equipment are its age, type, quality, complexity of operation, and degree of 
usage. A company’s procedures and policies and site management actions can have significant influence 
on the selection, use and operation of equipment. It has been reported that the risk of equipment 
breakdown is related to the complexity and sophistication of the mechanical and hydraulic system of a 
piece of equipment (Elazouni & Basha, 1996; Arditi et al., 1997). It is, therefore, important for site 
management to have proper knowledge about equipment in terms of its capacity, complexity and 
technical suitability for use under the given conditions.  
 
<<“Insert Figure 1”>> 
 
Crew-level factors 
These factors are related with human aspects of crews who are involved in the equipment maintenance, 
operation, and production process. The factors in this category would include skill level of operators and 
mechanics, fatigue, morale, and motivation. An operator’s skill is one of the most important factors and it 
affects that operator’s performance and the direct cost of DT through job efficiency (Arditi et al., 1997; 
Elazouni & Basha, 1996; Edwards et al., 2000). In addition, misuse of equipment, induced by the 
negligence of the operator and lack of proper training and know-how on the part of equipment supervisor, 
may result in increased frequency and cost of DT (Pathmanathan, 1980). Another important aspect that 
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may have impact on DT is through morale, motivation and fatigue of the crews. These conditions may 
occur when site management attempts to increase the work rate by extensive use of overtime and placing 
pressure on crews to avoid the impact of DT. Above a certain threshold level, both of these factors can 
have negative effects on productivity by affecting fatigue and morale (Cooper, 1994; Roberts & Alfred, 
1974). Furthermore, when the job context — such as supervision, resource availability, worker 
compensation and the work environment — is degraded, workers’ motivations can result in loss of 
productivity (Maloney & McFillen, 1985).  
 
Force majeure 
This category includes the events that are unanticipated by project participants, particularly those related 
to natural calamities and events.  Examples include floods, landslides, vandalism, and accidents. Such 
events may result in delays in equipment maintenance and affect on project performance. Contractors 
should anticipate some events, such as a heavy rainfall season, and take the necessary precautions to 
reduce their likely impact on DT. Additionally, adopting proper safety practices and increasing security 
measures can control events such as vandalism and accidents (Pathmanathan, 1980). 
 
Company’s procedures and policies 
This category includes company’s standard procedures and policies towards equipment management 
decisions and may include factors such as maintenance policies, replacement decisions, inventory 
management and control, standby repair and maintenance facilities, and procurement systems. The 
equipment policies of a construction firm reflect the priorities set by top management and carry 
significance in terms of resource allocation and strategic planning (Sözen & Giritli, 1987). Not all the 
companies can justify, for example, the costs of carrying an inventory of spare parts, which might also be 
influenced by a number of available jobs on hand. A company’s policies may also reflect the corporate-
level strategy and existing market conditions. Furthermore, maintaining a proper fleet of equipment can 
be of strategic importance to a company in cases where the award of a contract is based also upon the 
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condition and availability of equipment. Equipment management procedures and policies vary 
companywide. Thus, they can have different implications on DT. 
 
Project-level factors 
Project-level factors — such as the availability of spare parts, resources, and rental facilities, substitute 
equipment on hand, the location and sophistication of a workshop, and other project-specific requirements 
— vary considerably and are related to DT. Site management can have a certain degree of influence on 
some of these factors, but mostly they are influenced by other causes, such as a company’s action plan 
and procedures, the local and national market conditions, requirements of the project owner and, to some 
extent, site-related factors. Site management, for instance, may have difficulty in getting spare parts and 
materials to repair the equipment. In addition, any delay in the time required for skilled mechanics to 
arrive on the site may paralyze the work. Furthermore, receiving substitute equipment on time is another 
major challenge to projects that are located in remote parts of a country. There are instances in which the 
specifications and contract documents may specify the types and sizes of equipment to be used. For 
instance, to avoid undesirable end results, the types and sizes of compacting equipment are sometimes 
specified, as are the travel speeds and the number of passes over embankments (Day & Benjamin, 1991). 
Additionally, the availability, location and sophistication of a workshop can have considerable influence 
on DT. 
 
Site management actions 
Site management may influence DT in a number of ways, such as substituting broken equipment, waiting 
for broken equipment to be repaired, adding or changing resources, accelerating activities, transferring 
crews to other operations or sites, and changing the sequence of work. Each of these actions, when 
implemented properly, may reduce the impact of DT; if the selected course of action is not appropriate or 
is implemented in an improper way, however, it may exacerbate the situation. For example, extended use 
of overtime to accelerate work without improving the work environment may erode the motivation level 
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of crews; it may also increase fatigue and, thus, induce more errors and rework (Thomas & Raynar, 1997; 
Eden et al., 2000). Consequently, a project may suffer loss of productivity. In addition, the selection of 
interdependent equipment is also important to ensure economical construction operations and to minimize 
costly idle time (Day & Benjamin, 1991).  
 
Downtime and its consequences 
Some of the important consequences of DT include idleness of equipment and crews, work disruption, 
activity delays and loss of productivity. Each of these consequences may, in turn, interact with site 
management actions, company’s procedure and policies, project-level factors, and crew-level factors, as 
indicated by the two-way arrows in Fig. 1. It is known that the nature of construction projects is that they 
are primarily “solution driven” and mostly focus on minimizing costs and limiting immediate 
consequences (Mitropoulos & Tatum, 1999). Thus, it is possible that site management may underestimate 
the actual impact of DT that may evolve from their action in due course.  Site management, therefore, 
should understand the underlying phenomenon of DT and its possible impact on project performance in a 
systematic way, which we discuss further in the following section.  
 
Dynamics of Downtime 
The identified DT factors related with crews and site management actions have been incorporated into 
causal loop diagrams to analyze various consequences of DT. The first and most noticeable effect of DT 
is resource idleness, which, if it lasts for extended periods, would slow down the progress of a project. 
Slow project progress increases schedule pressure (Neil, 1989). When project managers (PMs) are under 
schedule pressures, they might become distracted from proper supervision and resort to hasty 
maintenance. This distraction tends to produce a low quality of maintenance, which then increases DT, 
which again increases schedule pressure, generating the vicious reinforcing loop denoted as R1 in Fig. 2. 
On the other hand, DT of vital equipment and/or on critical activities brings an increase in DT costs. As 
DT cost increases, there is an increased emphasis on cost, which shows up as cost pressure. A PM under 
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high cost pressure (due to unexpected DT costs) might pay less attention to maintenance work. As a 
result, another vicious feedback loop is triggered, represented as R2 in Fig. 2. These feedback loops cause 
further cost pressures and can slow down project progress until, or unless, the root causes are identified 
and proper action is taken.  
Extended and frequent DT also can disrupt the original sequence of work. Disruption of work 
may occur in several ways. For example, PMs may decide to change the sequence of work, which may 
introduce new methods or procedures, or they may decide to divert the resources affected by DT to other 
site operations. If PMs are not fully aware of the indirect consequences of their decisions, the diverted 
resources could distract the original production plan by diluting the experience level of existing crews, 
and increasing site congestions and work interference (Piper & Vachon, 2001). The frequent disruption of 
work also can erode crew morale (Eden et al., 2000). This effect can also lead to frequent stoppages and 
the imposition of additional learning requirements for crews, which slows down project progress (Piper & 
Vachon, 2001). As a result, the feedback effects caused by two additional reinforcing loops, indicated as 
R3 and R4 in Fig. 2, affect the construction process.  
On the other hand, a PM seeks options to relieve schedule pressure as it builds up. Schedule 
pressure can be reduced by timely maintenance of equipment by project staff, as indicated by balancing 
loop B1. The other common managerial actions that are often taken to avoid the impact of DT on project 
progress are the use of overtime and the placing of pressure on staff to increase the work completion rate. 
Overtime can facilitate the progress of construction by increasing working hours, as conceptualized with 
balancing loop B2 in Fig. 2, but as it continues it also can lower productivity through causing fatigue in 
workers (Cooper, 1994; Thomas & Raynar, 1997). As a result, an additional vicious reinforcing loop, R5 
in Fig. 2, is generated.  
 
<<“Insert Figure 2”>> 
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In summary, we have discussed the impacts of DT and its various ramifications that could appear 
during the operation of a construction project. This qualitative analysis can be useful to provide valuable 
policy implications by helping managers to understand how DT and subsequent managerial decisions can 
affect on project performance. Not all the variables are quantifiable, however, and many subjective issues 
may arise. In the following section, we present a framework and rationale for evaluating the impact of DT 
in terms of the time and cost of a particular project.  
 
QUANTIFICATION OF DOWNTIME IMPACT 
DT impacts the performance of a project in terms of time and cost, but clear definitions of those 
dimensions need to be set. First, researchers have defined DT in different ways in relation to the time 
aspect. For example, Elazouni & Basha (1996) have defined DT as the time during which equipment 
cannot perform its specified function. DT is also defined as the time that equipment is not working 
because it is undergoing repairs or adjustment (Peurifoy and Ledbetter, 1985). In this paper, we use DT 
and equipment breakdown interchangeably. Thus, DT is defined as the period in which the equipment 
assigned to work is not available because of breakdown. Based on this definition, the percentage of DT 
for equipment is calculated in terms of planned working hours:  
The DT percentage  = (Total DT hours / Total planned working hours) × 100 (1) 
Secondly, DT costs are the monetary value for idle equipment and the time when it is unavailable 
(Pathmanthan, 1980). DT costs can be categorized into two broad categories: tangible and intangible costs 
(Vorster & De La Garza, 1990). Tangible costs include the costs of labour, materials and other resources 
accrued for repairing the equipment, operators’ wages, and the loss of production by the equipment. 
Intangible costs include costs accrued as a result of the loss of production of other resources starved of 
production, loss of labour productivity, extended overhead costs and, in some cases, the liquidated 
damages and late-completion charges (Pathmanthan, 1980; Tsimberdonis & Murphee, 1994). By 
incorporating these and other factors, the following cost categories are identified as the most likely to 
render an additional cost burden to the project and, eventually, to the contracting company. Thus, the DT 
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cost for the broken equipment is the sum of the all cost categories. We discuss these cost categories 
below. 
 
Repair Cost 
The cost to repair broken equipment is categorized under this heading. It consists of three items: the i) 
labour (mechanics/helpers), ii) materials, and iii) spare parts needed to repair the equipment. As it is not 
appropriate to charge major repairs and complete overhaul to the present project (Tsimberdonis & 
Murphee Jr., 1994), those items are not included under this cost category. Hence, this category includes 
the costs that are applicable to the broken equipment but not to its periodic and scheduled maintenance 
work.  
 
Idle Cost for Labourers, Operators and Supervisors 
This cost includes the cost incurred for idle time of human resources because of DT associated with 
broken as well as dependent equipment that is forced to be idle as a result of breakdown. As equipment 
fails, wages will continue to be paid to labourers, operators and supervisors who are idle. The effect is 
more pronounced when equipment works in conjunction with large crews and the DT causes their 
idleness (Selinger, 1983). This effect tends to continue unless substitute equipment is mobilized or the 
crews are transferred to other sites and/or operations.  
 
Idle Cost for Equipment 
This cost category includes the idle cost for broken and other dependent equipment, if any, that remains 
idle because of the breakdown. The main consideration in financing equipment is that it should be used 
fully and productively and should earn adequate revenues to recover the investment cost. Thus, some sort 
of penalty costs should be levied on idle equipment because of the expectation that, as far as possible, 
resources representing capital investments in productive assets should be kept in good condition (Vorster 
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& De La Garza, 1990). The cost, which is calculated as an expected rent charge for the equipment, 
reflects the opportunity cost that would be earned if the equipment was not broken.  
 
Cost for Substitute Equipment 
This category of cost occurs only when management decides to substitute the broken equipment either 
from a contractor’s own fleet or from an outside agency. In the former case, management still incurs the 
cost from the contractor because the contractor would have deployed the equipment in other projects or 
given it to other contractors for rent. In addition, as argued by Tsimberdonis & Murphy Jr. (1994), if after 
a particular failure the management decides to rent a piece of equipment that otherwise would not be 
rented, the associated rental costs should be included. It was found, however, by the authors that this cost 
normally would occur only when the breakdowns lasted for extended period of time and there was fear 
that the DT could affect critical activities. 
 
Project-Associated Costs 
Project-associated costs are costs related to the contractual obligations and clauses agreed on for the 
particular project and deserve particular importance to the extent they are valid and enforceable 
(Tsimberdonis & Murphee, 1994). Costs such as liquidated damages, additional claims, and late 
completion penalties belong in this category. Sometimes, when the project is packaged to a number of 
contracts with involvement of different contractors, additional costs may be incurred when DT in 
particular work disrupts the works of other entities. 
 
Loss of Labour Productivity 
Loss of labour productivity caused by DT can arise because of disruption of work, crowding of workers, 
extended overtime, accelerated working, learning curve effects, and so on. The effects of these factors is 
well recognized in the literature (Halligan, et al., 1994; Schwartzkopf, 1995; Eden et al., 2000; Horner & 
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Talhouni, 1995; CII, 1995). Thomas (2000) argues that the economic consequences to the contractor as a 
result of the loss of labour productivity are quite severe.  
 
Other Costs 
This category includes other indirect costs such as overtime costs, cost of accelerations, incentives paid to 
crews, and miscellaneous petty expenses that are attributable to the DT event. 
Based on the above cost categorization, the percentage of DT cost in any project is calculated in 
terms of the budgeted cost for the period:  
The percentage of DT cost for any project = (Total DT cost/ Budgeted project cost) × 100 (2) 
Lastly, the DT cost impact, which represents the cost per hour of the breakdown of particular equipment, 
is calculated as: 
DT cost impact = Total DT cost/ Total DT hours (3) 
 
PRACTICAL APPLICATION 
In this section, we present case studies on nine road projects in Nepal, in which we attempt to quantify the 
impact of DT. The details of the analysis are presented elsewhere (Nepal, 2001). In addition to 
quantifying the impact of DT, the factors and processes related to DT are analyzed and discussed. 
 
 Construction Industry in Nepal 
The construction industry in Nepal, which contributes about 10% of the GDP of the country (CBS, 2000), 
is the second-largest employer in the country. About 60% of the nation’s development budget is spent 
through the use of contractors (Sharma, 1998). Thus, productivity improvement efforts in the construction 
industry would have a significant impact on the overall improvement of the national economy. 
Meanwhile, the utilization of construction equipment for basic infrastructure services in Nepal, such as 
road, irrigation, and hydropower works, has increased rapidly. Because of the lack, however, of a trained 
and knowledgeable workforce, and well-equipped workshops, the maintenance of broken equipment takes 
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an extensive time. This situation is further exacerbated by the non-availability of spare parts, which is 
mainly a result of an ineffective procurement system and inadequate inventory control (CAN, 1998; 
Rieger & Bhadra, 1978).  
 
Data Collection  
DT and its corresponding costs in nine road projects were recorded for two months in the year 2000. The 
general features of the projects are shown in Table I. The planned working time in this study refers to the 
total number of hours that all equipment was planned to be in use in each project during the two-month 
study period. Information on equipment for each project was also collected. As shown in Table II, we 
classify this equipment into 12 major categories by considering its use, characteristics and the nature of 
the work it was used for.  
 
<<“Insert Table I”>> 
 
<<“Insert Table II”>> 
 
Data Analysis 
DT and cost impact in road projects 
Table III shows the effect of DT on different road projects. The average DT in studied road projects was 
found to be 6% of the average planned working time for equipment, with the values varying from project 
to project. The variation in DT reflects the project characteristics, availability of services in the workshop, 
equipment characteristics, job conditions, and the need for timely maintenance as perceived by the 
management. During the survey, we found that it was customary for most of the site managers/PMs to 
wait even a couple of days to get the broken equipment repaired. They admitted that they had an 
insufficient spare parts inventory, and the facilities and tools available in the workshops were not 
adequate to repair heavy construction equipment. The conditions and location of job sites further 
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exacerbated the maintenance works. In addition, a majority of contractors rarely used the manufacturers’ 
recommended practices for use and maintenance of equipment. Contractors in projects A, C, D, and E 
reported that they could not invest in more good quality, brand-name equipment. The company involved 
in project H was not able to divest itself of its very old equipment. Furthermore, many contractors believe 
that scheduled maintenance is a significant investment. A study conducted by CAN (1998) highlights the 
fact that the equipment used for major jobs by the foreign contractors often become the source of 
purchasing for many local contractors in Nepal.  
Table IV summarizes the cost impacts on the projects against the budgeted cost during the study 
period. The costs include all the cost categories except the loss of labour productivity and project-related 
costs. We could not quantify the costs incurred from the loss of labour productivity because of a lack of 
data. Additionally, project-related costs are not deemed attractive for inclusion because of the short period 
of study. Even then, however, the average DT cost in the studied road projects was a significant amount: 
3.64% of the budgeted cost. Project D is related to resealing work and, in the event of DT, associated 
resources could not be diverted to other activities instantly; therefore, DT had a higher impact. Projects A 
and B were located in a mountainous region. The projects had to be finished before the start of the 
monsoon (rainy) season. PMs in these projects expressed that the considerable time required in getting 
genuine spare parts, and the pressure to meet the projects’ schedules, forced project staff to use non-
genuine spare parts even though they were aware of the serious consequences of their use.  
The PMs generally acknowledged that DT could cause disruption of work and of job rhythms. 
We observed that frequent stoppages caused by the breakdown of bituminous equipment often hampered 
and disrupted the weekly work plan in project H. In some projects, site management could easily 
substitute the broken equipment, while in others, the delivery of substitute equipment was delayed as a 
result of the remoteness of the site. Even in the case of extended DT, however, the number of workers 
remained unaltered on sites mainly because of the cheap labour costs. The efforts taken by site 
management on project C were noteworthy, in that the PM urged the equipment operators and supervisors 
to submit daily equipment performance reports.  
 16 
 
 
<<“Insert Table III”>> 
 
<<“Insert Table IV”>> 
 
DT and cost impact by equipment type 
Summary statistics for equipment DT is presented in Table V; it illustrates that downtime is chaotic. The 
percentage of DT and DT cost impact for different types of equipment are summarized in Table VI. 
Bituminous equipment had less average DT, but higher cost impact. This observation can be explained by 
the fact that, during bituminous work, many pieces of equipment worked in conjunction with each other. 
Major component breakdown in such works caused considerable impact on project costs and work 
accomplishment rates. Therefore, project staff was required to take necessary precautions and measures to 
ensure that equipment worked without major failures. It is noteworthy to mention here that, to this day, no 
asphalt concrete storing system has ever been in use in road construction works in Nepal. Therefore, there 
is always a high risk of DT during asphalt work.  
 
<<“Insert Table V”>> 
 
<<“Insert Table VI”>> 
 
<<“Insert Figure 3”>> 
 
One of the reasons behind the highest percentage of DT being for the stone crusher was because 
of the long time for delivery of a V-belt. This delay problem highlights the lack of a good inventory 
system. There are reports suggesting that delayed project completion is attributable to DT of construction 
equipment. It has been reported that because of long delivery times, it is common for those who are in 
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need of parts to travel to Calcutta (India), or even Singapore, to pick up parts and carry them back by 
hand to Nepal (N. D. Lea International Ltd, 1993). The DT cost impact on equipment that has a 
sophisticated mechanical and hydraulic system — such as motor graders, bulldozers, loaders, rollers and 
excavators — is relatively higher when compared to ordinary and less-sophisticated equipment. Also, the 
cost impact reflects the nature and stage of the construction in which the equipment was being used. 
Especially during sub-base, base course and surfacing work, where pieces of equipment work in 
conjunction with each other, the associated DT cost impacts are relatively high.  
The studied equipment had ages ranging from one to 26 years.  We observed that equipment that 
was older than nine years had higher cost impacts than did newer ones. It is not surprising that DT tends 
to increase with usage of equipment (Navon & Mayer, 1995). This trend is because the increased usage of 
equipment causes wear, scoring and overheating of the engine. As a result, the availability of the 
equipment decreases with its age (Nunally, 2000).  
 
Policy Implications 
The quantification of DT impact has important implications for organization. DT percentages for 
equipment are helpful numbers for project participants to judge the effectiveness of their maintenance 
programs and operation of equipment. Equipment with a high DT percentage might necessitate project 
staffs to find the root causes and take necessary steps to reduce it. On the other hand, the DT cost 
percentage could be useful for PMs and senior managers to monitor the health of the projects — whether 
considerable money is lost in projects as a result of DT — and trigger their attention towards proper 
action to increase profit margins. The cost of equipment DT could also be useful to PMs, such as for 
taking special precautions and measures during equipment assignment. For example, equipment with high 
cost impact may need special management attention in operations that may include making contingency 
plans, such as the provision of standby equipment and assigning more experienced operators and 
relatively new equipment to critical activities. In other cases, the cost might have to be lower to justify 
any prior and immediate action. 
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In the earlier sections, we discussed why addressing the impact of DT on a construction project is 
important and have shown various factors and processes related with DT. The case study projects 
highlight that DT is caused mainly by site-, equipment- and crew-level-related factors, the duration and 
severity of which are influenced by a company’s operating procedures and project-related factors. The 
most-often-cited reasons for delay in maintenance are related to the location and facilities available in a 
workshop, the remoteness of the site, the lack of a proper spare parts inventory, and unskilled mechanics. 
Management actions taken to reduce an impact of DT can have other consequences in due course through 
the ramifications of various managerial decisions. Clearly, these observations have important implications 
for PMs and companies to adopt proper policies at the project and/or company level to minimize DT and 
increase project performance. 
We observed that getting genuine spare parts is still a big problem in the industry and propose 
that a sufficient stock of fast-wearing and -breaking parts be kept. Further, we recommend that a certain 
percentage of an investment be made in spare parts when buying new equipment. One practical way to 
reduce DT is to maintain a high availability factor for the equipment by adopting a good maintenance 
program. More importantly, greater emphasis should be given for good maintenance programs that 
maintain a high availability of equipment. Simple proactive actions — such as replacing worn parts prior 
to failure, preferably at the end of shift or over a weekend when the machine is not in use — can increase 
the availability of equipment substantially (Peurifoy & Ledbetter, 1985). Site management should make 
contingency plans so that they can effectively reduce the effects of DT. The measures are especially 
important in the context of Nepal. It may seem a cost burden to keep stocks of spare parts and to conduct 
regular maintenance of equipment for some time, but the benefits accrued during the execution of a 
project would outweigh the expenses.  
Another way to reduce the increased cost of DT is to introduce new equipment models, and to 
avoid the use of old equipment because its working efficiency is low and spare parts are not easily 
available in local markets. Management should at least replace older machines with ones having higher 
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availability factors and assign the older machines to operations where they can work alone (Peurifoy & 
Ledbetter, 1985).  
Training for operators and supervisors is needed so that they can have full knowledge of the 
equipment’s capabilities, such as its capacity and functionality. Moreover, highly skilled mechanics are 
needed on sites to ensure that good-quality maintenance can be achieved. The industry is still lacking of 
knowledgeable skilled mechanics, however. The establishment of mechanic training centers in the private 
sector is essential; the Contractors Association of Nepal should act promptly towards their establishment.  
 
CONCLUSIONS AND RECOMMENDATIONS 
Research on construction equipment DT is limited. Moreover, the research conducted to date is of little 
value in illustrating the causes and consequences of DT. In addition, it is of limited application in 
determining the impact of DT for any given project. After all, they cannot address the issues involved 
with equipment management aspects in the context of a developing country where contractors face a 
number of problems related to equipment. The model presented in this paper has identified generic factors 
and processes related to DT, and portrayed graphically how they may interact to cause DT and its 
consequences. We have also discussed why addressing the impact of DT is important and how managerial 
actions at the company or project level can eliminate, reduce or exacerbate the impacts of DT.  
We have used data from nine road projects over a two-month period to explain the framework of 
the model. The variation in DT and its impact on different projects reflect the condition of the equipment, 
the quality of the equipment, the quality of maintenance, the company’s operating policies, the location of 
the projects, and the nature of the work. Although the quantitative information provided in this paper is 
specific to the Nepalese construction industry and the project types in the study, the research results 
demonstrate that the DT model presented in this paper could assist managers in minimizing the impact of 
DT by providing insight into equipment management. We acknowledge, however, that quantifying the 
impact of DT is inherently subjective, and any approach does little more than assess the monetary value 
of less-tangible DT costs (Vorster & De La Garza, 1990). 
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Special efforts at the project and/or company level are needed to bring down the impact of DT. At 
the project level, a PM should emphasize timely, but quality, maintenance. Also, a PM must understand 
the causes and possible ramifications of DT while taking any managerial actions in order to avoid the 
impact of DT. At the company level, senior managers should focus on proper equipment management 
policies to reap greater benefits from their projects. Above all, construction companies need to adopt 
proactive equipment management and maintenance programs to avoid the non-trivial impact of DT on 
construction project performance. 
The DT model introduced in this paper contributes mainly in terms of the following features. 
First, the model identifies factors that cause DT. Second, the model emphasizes the importance of 
focusing on crew-level factors. Third, the model shows how the ramifications of DT can occur by 
generating a feedback structure through managerial action and decisions. Fourth, the model shows the 
contractor’s role in influencing the DT. Finally, the model provides a framework for tracing the causes of 
DT and its impact on project performance. In addition, the research serves as a framework for further 
work. Future studies are needed to identify the most important factors and processes relating to DT. 
Future DT studies, preferably for project duration in each category of equipment, will be useful for the 
reasonable assessment of the relative impacts of DT. Research could also be expanded in future to address 
the dynamics of DT using dynamic planning methodology. Moreover, more studies, particularly in the 
context of developing countries, are needed to provide insight into equipment management and to 
improve the competitiveness of industries. 
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Figure 1 DT factor analysis 
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Figure 2 Dynamics of equipment DT 
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Figure 3 DT as a percentage of planned working time, listed by equipment type 
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Table I Brief profiles of the projects studied 
Project 
ID 
 
(1) 
Company 
experience 
(yrs) 
(2) 
Type of work 
 
 
(3) 
Project 
duration 
(months) 
(4) 
Total 
Project cost 
(NRs) a 
(5) 
Planned 
working time 
(hrs/day) 
(6) 
A 25 Road maintenance and rehabilitation work 21  133,248,748.00 9.5  
B 29 Road maintenance and rehabilitation work 21  105,375,582.00 9.5  
C 30 New link-road construction 12  45,000,000.00 10.0  
D 30 Resealing work 8  17,000,000.00 10.0  
E 30 Road upgrading works 20  246,000,000.00 9.5  
F 18 Hanger area site development project 14  96,132,095.00 9.0  
G 15 Airport road improvement project 22  135,000,000.00 9.0  
H 39 City road improvement project 16  85,031,034.00 8.0  
I 30 Airport improvement project 24  153,946,320.00 8.0  
 
a $1 = 74.00 NRs (Nepalese Rupees) in the year 2000 
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Table II Equipment categorization 
SN  
(1) 
Category 
(2) 
Equipment included 
 (3) 
1 Bulldozers Bulldozers 
2 Motor Graders Graders 
3 Rollers Wheel Rollers, Vibrating Rollers, Static Rollers 
4 Loaders Wheel Loaders, Backhoe Loaders 
5 Excavators Excavators 
6 Dump Trucks Tippers, Dumpers, Mini Dumpers 
7 Trucks Flat-body Trucks, Full-body Trucks, Water Tankers, Water Bowsers 
8 Concreting Machines Concrete Vibrators, Concrete Mixers 
9 Bituminous Equipment Bitumen Boilers, Asphalt Pavers, Asphalt Plants, Bitumen Distributors, Bitumen Heaters 
10 Stone Crushers Stone Crushers 
11 Compactors Plate Vibrators, Hand Rollers 
12 Others Pumps, Air Compressors, Generators 
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Table III DT for different projects 
 
Project Planned 
working 
(hrs) 
Total DT  
 
(hrs) 
DT  
 
(%)  
(1) (2)  (3)   (4)  
A 4560   1225     26.9   
B 7410  641   8.7  
C 6000  55   0.9  
D 4800  257   5.4  
E 6840  94   1.4  
F 3528  99   2.8  
G 6480  193   3.0  
H 7616  122   1.6  
I 2880   386     13.4   
 Total 50114   3072     6.1   
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Table IV DT cost against budgeted cost for different projects 
 
Project  
 
(1) 
Budgeted cost  
(NRs)  
(2) 
DT cost 
 (NRs)  
(3) 
DT cost 
(%) 
(4) 
A 16,200,500 1,754,490 10.83 
B 12,170,000 796,700 6.55 
C 8,000,000 49,876 0.62 
D 3,000,000 588,200 19.61 
E 26,000,000 109,825 0.42 
F 14,276,000 107,250 0.75 
G 13,590,000 345,250 2.54 
H 10,800,000 368,960 3.42 
I 21,139,322 430,410 2.04 
Total 125,175,822 4,550,961 3.64 
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Table V Summary statistics for equipment DT 
 
Equipment  Frequency 
DT 
(hrs) 
Mean  Median Mode SD Range 
  Percentiles 
 25 50 75 
(1) (2)   (3) (4) (5) (6) (7) (8)   (9) (10) (11) 
Bulldozers 10  244 24.40 9.00 6.0 a 38.45 123.00  6.00 9.00 22.25 
Motor graders 11  367 33.32 3.00 2.00 66.70 203.00  2.00 3.00 10.00 
Rollers 20  279 13.93 3.00 2.00 46.66 211.00  2.00 3.00 5.75 
Loaders 17  144 16.71 4.00 4.00 35.32 144.00  2.00 4.00 13.50 
Excavators 23  375 16.30 8.00 10.00 32.39 134.00  2.00 8.00 10.00 
Dump trucks 56  386 6.89 5.00 4.0 a 6.74 39.00  4.00 5.00 8.00 
Trucks 25  475 19.00 8.00 2.0 a 43.09 203.00  4.00 8.00 11.00 
Concreting machines 8  17 2.13 2.00 1.00 1.13 3.00  1.00 2.00 3.00 
Bituminous equipment 17  84 4.94 5.00 8.00 2.49 7.00  3.00 5.00 8.00 
Stone crushers 5  313 62.50 8.00 4.0 a 77.63 147.00  4.00 8.00 147.50 
Compactors 9  43 4.78 4.00 2.0 a 2.99 9.00  2.50 4.00 7.00 
Others 8   207 25.81 3.50 1.0 a 51.13 149.00   2.13 3.50 26.00 
 
a. Multiple modes exist. The smallest value is shown.  
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Table VI DT and corresponding cost by equipment type 
 
Equipment Planned 
working  
DT DT cost Ranking by DT 
 (hrs) (hrs) (%) (NRs/hr) (%) (NRs/hr) 
(1) (2)  (3) (4) (5) (6) (7) 
Bituminous Equipment  2,392.0  84.0  3.5  4512.50  8  1  
Motor Graders 3,712.0  366.5  9.9  2233.36  2  2  
Bulldozers  3,150.0  244.0  7.7  2093.85  4  3  
Loaders  4,438.0  284.0  6.4  1676.30  7  4  
Compactors  1,800.0  43.0  2.4  1502.09  10  5  
Excavators  5,484.0  375.0  6.8  1463.43  5  6  
Rollers 4,250.0  278.5  6.6  1451.96  6  7  
Stone Crushers  1,618.0  312.5  19.3  1254.08  1  8  
Others  3,110.0  206.5  6.6  1087.19  6  9  
Dump Trucks  13,122.0  386.0  2.9  979.74  9  10  
Trucks 5,542.0  475.0  8.6  732.78  3  11  
Concreting Equipment 1,496.0  17.0  1.1  353.88  11  12  
Total 50,114.0   3072.0   6.1   1481.43           
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Captions to Figures 
 
Figure 1 DT factor analysis 
Figure 2 Dynamics of equipment DT 
Figure 3 DT as a percentage of planned working time, listed by equipment type 
 
 
 
 
 
 
 
 
